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Description 

The present invention relates to amorphous copolymers of a high molecular weight consisting of ethylene, 
propylene and/or 1-butene, and also optionally of one or more alpha-olefins comprising 5 to 12 carbon atoms. 
5 The Invention also relates to a process for the preparation of these copolymers. These copolymers are par- 
ticularly applicable as drag-reducing agents in the conveying of oil by pipeline, or as additives in drilling muds 4 * 
in order to facilitate drilling operations. 

It is known that the addition of polymers or copolymers of alpha-olefins with a high molecular weight and 
low crystallinity to hydrocarbons of petroleum origin has the effect of increasing the throughput of these hyd- ~ 
10 rocarbons circulating in the pipelines, this phenomenon being related to a considerable reduction of losses by 
friction, especially when the flow takes place turbulently. 

It is also known that the addition of polymers or copolymers of alpha-olefins with a high molecular weight 
to drilling muds makes it possible to reduce the output of energy necessary for the circulation of these muds. 
The characteristics required by polymers or copolymers for such applications are primarily a highly amorph- 
15 ous structure, a very high molecular weight, a good solubility in petroleum hydrocarbons and a high resistance 
to shear forces. 

It is known that polymers or copolymers of alpha-olefins can be prepared by means of a catalyst system 
of the Ziegler-Natta type consisting on the one hand of a catalyst comprising a transition metal compound, such 
as titanium tetrachloride, vanadium tetrachloride or vanadyl trichloride and, on the other hand, of a co-catalyst 

20 comprising an organometallic compound, such as a compound of trialkylaluminium. Copolymers of alpha-ole- 
fins prepared in the presence of a catalyst system containing a vanadium compound are generally highly 
amorphous, but their chain structure is not highly resistant to shear forces. 

It is known that copolymers of ethylene and a C3 to C6 aipha-olefin containing 20-70 moles % of ethylene 
and having a high molecular weight can be obtained using a catalyst system containing a titanium compound 

25 by a process of copoiymerisation in the liquid phase, either in the presence of an inert diluent such as a liquid 
hydrocarbon, or in the absence of this inert diluent, but in the presence of liquid monomers such as propylene. 
Generally the copoiymerisation is performed in the presence of a liquid hydrocarbon employed as solvent, and 
the conditions of the reaction are such that one obtains solutions of polymers or copolymers in this liquid hyd- 
rocarbon which do not exceed a few per cent by weight of copolymers, bearing in mind the limited solubility of 

30 these products and the high viscosity of these solutions. These copolymers cannot be easily separated from 
the liquid hydrocarbon because they occur in the form of solids with a pasty or sticky appearance. They are 
therefore employed in their application direct in the form of solutions. However, this necessitates the con- 
veyance of large quantities to solvent on the actual site of drilling or pumping oil along the pipeline. Moreoever, 
these copolymers of a high molecular weight, obtained by processes in the liquid-phase possess some residual 

35 crystallinity, their level of crystallinity being greater than 1% and it being possible for it to attain 5% or even 
10%. For Instance, US-A-3 351 079 describes amorphous, high molecular weight copolymers of ethylene with 
at least one C3-C6 alpha-olefin, having a crystallinity higher than 1% and being useful as additives to drilling 
muds. This residual crystallinity affects not only the properties of these copolymers used as drag-reducing 
agents, or as additives to drilling muds, but also decreases the solubility of these products in hydrocarbons, 

40 such as petroleum hydrocarbons, so that they are employed in their application in a relatively large quantity to 
obtain the desired effects. 

The present invention provides copolymers of ethylene, propylene and/or 1-butene, and optionally of al- 
pha-olefins comprising 5 to 12 carbon atoms, having a very low or zero crystallinity and a very high molecular 
weight characterised by their intrinsic viscosity. In a particularly surprising manner, these amorphous copolym- 
45 ers occur In the form of a dry powder, thus, with these new products, it has been possible to reconcile two appa- 
rently opposing characteristics, that is to say the obtaining of amorphous copolymers, these copolymers being 
in the form of a powder consisting of soldid and non-sticky particles. These copolymers may serve as drag- 
reducing agents in the conveyance of oil by pipeline, or as additives to drilling muds, without the disadvantages 
previously mentioned. 

so The present invention relates more especially to substantially amorphous copolymers of ethylene and one 

or more alpha-olefins comprising 3 to 12 carbon atoms, which copolymers are characterised in that they have \ 
a content of units derived from ethylene comprised between 40 and 60 % molar, a content of units derived from * 
propylene and/or 1-butene comprised between 60 and 40% molar and a content of units derived from alpha- 
olefins comprising 5 to 12 carbon atoms comprised between 0 and 10 % molar, an intrinsic viscosity measured 

55 at 135°C in decalin greater than 10 dl/g, a crystallinity level of the polyethylene type measured by X-ray dif- 
fraction less than or equal to 1.0%, a fusion enthalpy, measured by differential scanning calorimetry, less than 
or equal to 3 J/g, and substantially no inversion in the chain formation of units derived from alpha-olefins com- 
prising 3 to 12 carbon atoms, these copolymers furthermore occuring in the form of a powder consisting of solid. 
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non-sticky particles. 

The contents of units derived from ethylene, and from alpha-olefins comprising 3 to 12 carbon atoms are 
generally measured by infrared spectrophotometry, this method being standarlised using analysis by carbon 
13 nuclear magnetic resonance (C 13 NMR). It is preferred to use C 13 NMR analysis to measure the various con- 
5 tents of monomeric units, in particular when the copolymer contains two different linear alpha-olefins comprising 
3 to 12 carbon atoms. 

The content of units derived from alpha-olefins comprising from 5 to 12 carbon atoms, according to the 
invention, should be comprised between 0 and 10 % molar, and preferably comprised between 0.1 and 5 % 
molar. These alpha-olefins may be chosen preferably from amongst 4-methyl-1-pentene, 1-hexene, 1-octene, 

10 1-decene or 1-dodecene. The presence of the alpha-olefins comprising from 5 to 12 carbon atoms increases 
the solubility of the amorphous copolymers of the invention in hydrocarbons, such as petroleum hydrocarbons. 
Thus, copolymers of ethylene, propylene, and 1-hexene, copolymers of ethylene, 1-butene and 1-hexene, 
copolymers of ethylene, propylene and 4-methyl-1-pentene, copolymers of ethylene, 1-butene and 4-methyl- 
1-pentene, copolymers of ethylene, propylene and 1-octene or copolymers of ethylene, 1-butene and 1-octene 

15 are preferred. 

The copolymers according to the invention have a very high molecular weight, characterised by an intrinsic 
viscosity measured at 135°C in decalin, of greater than 10 dl/g, more particularly equal to or greater than 11 
dl/g, and capable of attaining 15 dl/g or even more. 

Analysis of the microstructure of the copolymers is performed by C 13 NMR. It has been found according 

20 to this analysis that the percentage of isolated units derived from ethylene by comparison with the total of units 
derived from ethylene is comprised between 15 and 30%, preferably comprised between 20 and 25%. 
Moreover, these copolymers possess from 5 to 20%, and preferably from 10 to 15% of units derived from 
methylene (- CH 2 -), arranged in sequences corresponding to at least three consecutive units of ethylene, these 
sequences being on average composed of 6 to 10 units derived from ethylene. C 13 NMR analysis of the micro- 

25 structure of the copolymers confirms that there is no inversion of structure in the chain formation of the units 
derived from propylene, and/or from 1-butene or from other higher alpha-olefins; in particular there is no chain 
formation of the head-to-head or tail-to-tail type. The absence of inversion of structure of this type is particularly 
surprising In a substantially amorphous copolymer. The absence of crystallinity of the very low level in the 
copolymers is determined by X-ray diffraction, on a copolymersample having been previously melted at 200°C 

30 and cooled slowly to ambient temperature (20°C) over 1 hour. The crystallinity level of the polyethylene type 
of the copolymers according to the invention is equal to or less than 1.0%. The level of crystallinity of the polyp- 
ropylene type or polybutene type is not measurable, which indicates that this level is very low, if not zero. 

In accordance with the results concerning the crystallinity of these copolymers, it has been observed that 
the overall crystallinity of the copolymers according to the invention, determined by differential scanning 

35 caiorimetry (DSC), is likewise very low if not zero. Differential scanning calorimetric analysis consists in record- 
ing the enthalpy graph of a sample of 5 mg of the copolymer by heating at the speed of 1 6°C per minute up to 
200°C, the sample having been previously subjected to a thermal treatment consisting of heating at the speed 
of 16°C per minute up to 200°C, followed by maintenance at this temperature for 20 minutes and cooling at the 
speed of 16°C per minute down to 50°C; the area of the endothermal peak recorded during the heating is pro- 

40 portional to the fusion enthalpy. This differential scanning caiorimetry analysis therefore enables the measure- 
ment of the fusion enthalpy of the copolymer corresponding to the quantity of heat necessary to melt 1 gramme 
of the copolymer. This quantity of heat is related to the spatial arrangement of the copolymer, it beinghigher, 
the more the structure of the copolymer is ordered. Thus, the fusion enthalpy of high-density polyethylene, 
whose spatial arrangement is regular, is comprised between 230 and 280 J/g under the measuring conditions 

45 described above, and that of isotactic polypropylene, whose spatial arrangement is likewise regular, is com- 
prised between 200 and 210 J/g, under the same conditions. It is observed that the copolymers of the invention 
possess a fusion enthalpy equal to or less than 3 J/g under the measuring conditions described above. 

The copolymers of the invention occur in the form of a powder consisting of solid, non-sticky particles at 
ambient temperature. Moreover this powder is easy to handle, that is to say it flows under its own weight, espe- 

50 cialiy when it consists of particles of spheroidal form having a mean diameter by mass comprised between 100 
and 1000 microns, preferably comprised between 150 and 800 microns, and a particle size distribution such 
that the ratio of the mean diameter by mass, Dm to the mean diameter by number, Dn, is lower than or equal 
to 3. The bulk density of this powder at rest may be comprised between 0.20 and 0.40 g/cm 3 . Moreover, the 
density of the amorphous copolymers of the invention, measured by the ASTM-D-1505 method, is comprised 

55 between 0.850 and 0.870, preferably comprised between 0.850 and 0.860. 

The copolymers according to the invention can be prepared if desired, by a gas-phase copolymerisation 
process of ethylene with propylene and/or 1-butene and optionally one or more alpha-olefins comprising 5 to 
12 carbon atoms, at a temperature in the range -30 to +40°C in the absence of substantial quantities of chain 
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transfer agent, and fn the presence of a catalyst system of the Ziegler-Natta type, possessing a high stereos- 
pecificity in the polymerisation of alpha-olefins such as propylene, this catalytic system comprising on the one 
hand, a catalyst consisting of a titanium compound and on the other hand a co-catalyst consisting of an 
organometallic compound of a metal ofGroup II or Hi of the Periodic Table of Elements. 

5 The stereospecificity is measured by the proportion of polypropylene which is insoluble in boiling n-heptane, 

this proportion being capable of attaining 92% and generally 95% by weight or even more. 

The catalyst system which may be utilised in the production of the copolymers of the invention, is preferably 
chosen from among systems capable of polymerising ethylene and propylene at speeds more or less close to 
one another. These kinetic properties of the catalyst system, regarding the relative speeds of polymerisation 

10 of ethylene and propylene, are determined during the production of an amorphous copolymer according to the 
invention, by the ratio of the composition in monomers in the reaction gas mixture to that of the monomeric 
units in the copolymer obtained. Generally the ratio between the compositions in monomers or in monomeric 
units is comprised between 0.5 and approximately 2. 

It is known to copolymerise ethylene and propylene in gas phase at a temperature comprised between 40 

15 and 90°C in the presence of a catalyst system which is highly stereospecific in the polymerisation of propylene 
alone, to obtain copolymers containing 34 to 67% ethylene by weight. However these copolymers do not pos- 
sess a very high molecular weight, their intrinsic viscosity measured at 135°C In decalin being less than 10 
di/g; these copolymers also retain some cristallinity, their fusion enthalpy measured by differential scanning 
calorimetry being equal or higher than 6 J/g. 

20 it has been unexpectedly observed that the use of a catalystsystem which is highly stereospecific in the 

polymerisation of propylene alone permits the production in the gas phase of a copolymer according to the 
invention, which is substantially amorphous, possesses a very high molecular weight and which occurs in the 
form of a powder consisting of solid particles, of a pasty and non-sticky nature. In fact the use of a catalyst 
system which is not very stereospecific in the polymerisation of propylene, in particular a catalyst system gen- 

25 erally utilised for producing high density polyethylene or a copolymer of ethylene and alpha-olefins of a density 
comprised between 0.900 and 0.940 currently called linear low density polyethylene, leads under the conditions 
of gas phase copolymerisation to copolymers which are relatively crystalline and which occur nevertheless in 
the form of pasty and sticky solids which are difficult to handle. 

One of the preferred catalyst systems comprises as catalyst, a solid compound based on titanium trichloride 

30 obtained for example: 

(a) by the reduction of the titanium tetrachloride at a temperature comprised between -10 and 80°C, by 
means of at least one organo-aluminium compound of the formula 

AIR„X3-„ 

in which R is an alkyl, cycioalkyl, aryl or aralkyl group, comprising 1 to 12 carbon atoms, X is an atom of 
35 hydrogen, chlorine or bromine, and n is a whole number or fraction which may have any value from 1 to 
3, the organo-aluminium compound or compounds being used in a quantity such thatthe ratio of the number 
of moles of titanium tetrachloride to the number of organic gramme equivalents of the organo-aluminium 
compound is comprised between 1.2 and 50 and the reduction being performed in a liquid hydrocarbon in 
the presence of 2 to 5 moles per mole of organo-aluminium compound, of one or more aliphatic ethers of 
40 the formula 

R'OR" 

in which R' and R ff are the same or different alkyl groups.comprising 1 to 12 carbon atoms; 

(b) then, by maintaining the solid compound obtained previously, at a temperature comprised between 20 
and 115°C, for a period comprised between 15 minutes to 24 hours; 

45 (c) and, by washing the solid compound resulting from the second stage by means of a liquid hydrocarbon. 
The resulting solid compound consists of particles of regular shape, more or less spherical, of an average 
diameter by mass comprised between 5 and 100 urn and of narrow particle size distribution, such that in par- 
ticular less than 1% by weight of the particles have a mean diameter by mass less than 2 *im. This solid com- 
pound contains titanium trichloride, aluminium trichloride and an aliphatic ether; it complies with the formula: 
50 TiCI 3 ,xAICI 3 ,yR'OR ff 
in which R' and R" have the definitions given above and in which 
x is a fraction comprised between 0.005 and 0.1 and 
y is a fraction comprised between 0.05 and 0.2. 

This solid compound possesses an X-ray diffraction spectrum corresponding to a titanium trichloride of an 
55 essentially delta structure, but containing 5 to 20% by weight of titanium trichloride of beta structure. 

Prior to its use in copolymerisation, the catalyst is preferably coated by contacting it with one or more al- 
pha-olefins in a quantity such that the coated catalyst obtained contains from 0.05 to 1 00 g of poly-alpha-olefins 
per milligramme atom of titanium, this contacting being performed at a temperature comprised between -20°C 
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and 60°C in the presence of at least one org ano-alu mini urn compound of the formula 

AIR n X3. n 

In which R, X and n have the same definitions as above, this organo-aluminium compound being Identical or 
different from that which may be used during the preparation of the catalyst This contacting may be performed 

5 in the presence of a liquid diluent such as a saturated hydrocarbon or a liquid alpha-olefin, or else in the gas 
phase, that is to say In the absence of liquid diluent. The alpha-olefins utilised in this contacting can be chosen 
from amongst ethylene, propylene, 1-butene, 4-methyl-1-pentene, 1-hexene or 1-octene or a mixture thereof. 
They are advantageously one or more of those used in the course of the gas phase copolymerisation. 

The catalyst system also comprises as co-catalyst one or more organometallic compounds of a metal of 

w Group II or III of the Periodic Table of Elements, in particular one or more organoaluminium compounds of the 
formula 

AIRnXa-n 

in which R, X and n comply with the same definitions as above, this organoaluminium compound or compounds 
being Identical or different from those which may be used for the preparation of the catalyst or for the prior con- 

15 tacting of the catalyst with one or more alpha-olefins. These organometallic compounds are advantageously 
utilised in quantities such that the atomic ratio: metals of the Groups II and III of the co-catalyst/titanium of the 
catalyst is comprised between 1 and 50. The co-catalyst may be contacted with the catalyst to form the catalyst 
system prior to the introduction of the catalyst system into the copolymerisation reactor or may be partly or 
entirely introduced into the copolymerisation reactor separately from the catalyst 

20 The copolymers according to the invention are advantageously prepared according to a gas-phase 
copolymerisation process, especially by means of a fluidised bed reactor and/or onewhich is stirred mechani- 
cally. It is particularly important to avoid the use of a process of copolymerisation in the liquid phase, because 
in this case one obtains copolymers possessing some residual crystallinity, and occurring In the form of particles 
of pasty and sticky appearance. The gas phase copolymerisation, especially by means of a fluidised bed, and 

25 which may be stirred mechanically, may be performed according to conventional techniques. The copolymer 
in course of formation is maintained in the fluidised state by means of a rising gas stream containing ethylene, 
propylene and/or 1-butene and optionally the other alpha-olefins to be copolymerised. The reaction gas mixture 
leaving the reactor is generally cooled before being recycled into the reactor together with a complementary 
quantity of ethylene and alpha-olefins. The copolymerisation is performed by means of the catalyst system of 

30 the Ziegler-Natta type previously described, this catalyst system or its components being Introduced continu- 
ously or semi-continuously into the fiuidised-bed reactor. The withdrawal of the amorphous copolymer may also 
be effected in a continuous or semi-continuous manner. 

The gas-phase copolymerisation is performed at a temperature equal to or greater than -30°C and less 
than +40°C, preferably at a temperature equal to or greater than -2*0°C and less than +20°C, and more espe- 

35 dally at a temperature equal to or greater than -10°C and less than +10°C, under a total pressure which may 
vary within a range generally comprised between 0.5 MPa and 4 MPa, preferably comprised between 0.5 and 
2.5 MPa. 

The reaction gas mixture providing the fluldisation in particular may comprise in addition an inert gas such 
as nitrogen, methane or ethane. The presence of an inert gas in this reaction gas mixture appreciably improves 
40 the elimination of the reaction heat, and favourably modifies the kinetics of the copolymerisation. 

The gas-phase copolymerisation is performed substantially in the absence of a chain transfer agent such 
as hydrogen or diethyl-zinc in the copolymerisation medium. 

The upward velocity of the gas mixture in the fluidised bed reactor must be sufficiently high to ensure 
homogenisation of the fluidised bed and to eliminate effectively the heat evolved by copolymerisation. If neces- 
45 sary, other means of homogenisation can be employed, especially mechanical stirring. The velocity of the gas 
mixture is generally comprised between 3 and 10 times the minimum velocity for obtaining fluidisation, that is 
to say generally comprised between 20 and 80 cm/s. 

The copolymers according to the invention may be advantageously utilised as drag-reducing agents In the 
conveyance of oil by pipeline, or as additives to drilling muds. They have the advantage of being easily used 
50 in these applications by reason of their substantially amorphous nature, and of procuring the desired effects 
for relatively small quantities used, generally less than 100 parts per million by weight Furthermore, In these 
applications, they have a resistance to mechanical breakdown which is particularly high. 

Method for determining the mean diameters by mass (Dm) and by number (Dn) of particles. 

55 

According to the invention, the mean diameters by mass (Dm) and by number (Dn) of the particles of catal- 
yst, coated catalyst or copolymer are measured from microscopic observations, by means of the OPTOMAX 
image analyser (Micro-Measurements Ltd - Great Britain). The principle of measuring consists in obtaining from 
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the experimental study by optical microscopy of a population of particles, a table of absolute frequency where 
the number (nj) are particles belonging to each class (i) of diameters is given, each class (i) being characterised 
by an intermediate diameter (d,) comprised between the limits of the said class. According to the approved 
French standard NF X 11-630 of June 1981, Dm and Dn are provided by the following formulae: 

5 

mean diameter by mass : Dm » 

!Eni(di)3 

10 

mean diameter by number : Dn « 

15 

The ratio Dm/Dn characterises the particle size distribution; it Is sometimes referred to as the "breadth of 
particle size distribution". Measurement by the OPTOM AX image analyser is performed by means of an inverted 
microscope which permits of the examination of the suspensions of particles of catalyst, coated catalyst or 
copolymer with an enlargement comprised between 16 and 200 times. A television camera picks up the images 
20 given by the inverted microscope and transmits them to a computer which analyses the images received line 
by line and dot by dot on each line, in order to determine the dimensions or diameter of the particles and then 
to classify them. 

The following Examples illustrate the present invention. 

25 Example 1 



a) Preparation of the catalyst 

One operates in a 1 -litre glass reactor, equipped with a mechanical stirrer consisting of a parallelepiped 

30 fiat blade of 35 x 50 x 2 mm, rotating at 220 revolutions per minute. The reactor is equipped with a device for 
heating or cooling through the wall. One introduces into this reactor 380 g (2 moles) of TiCI 4 , 120 ml n-heptane 
and 70 g (0.44 mole) of diisoamylether at 25°C. The mixture is heated to 35°C and at this temperature over 4 
hours, there is introduced in a regular manner, a solution at 25°C obtained by mixing 27 g (0.17 mole) of 
diisoamylether and 30 g (0.25 mole) of diethylaluminium chloride dissolved in 180 ml of n-heptane. 

55 A precipitate is obtained which is maintained at 35°C with stirring for 1 hour, then at 65°C for 2 hours. The 
precipitate obtained, which contains 0.48 gramme atom of titanium, is washed 5 times by decantation with 500 
ml of n-heptane at 65°C. The catalyst thus prepared occurs in the form of a solid violet compound consisting 
of particles of a more or less spherical shape and with a mean diameter by mass equal to 15 nm; it corresponds 
to the following overall formula: 

40 TiCI 3 , 0.01 AICI 3 , 0.12 diisoamylether. 

One operates next in a stainless steel reactor holding 5 litres, equipped with a stirring system rotating at 
500 rpm. One introduces into it 2000 ml of a suspension in n-heptane of the solid catalyst previously prepared 
containing 500 milligramme atoms of titanium. One next introduces into the reactor 500 mDlimoies of dieth- 
ylaluminium monochloride, and one fixes the temperature of ine reactor at 25°C. Then one introduces into the 

45 reactor gaseous propylene at a throughput of 60 g/hr for 5 hours. At the end of this period, one stops the intro- 
duction of propylene and one maintains with stirring and at the same temperature for 1 hour the suspension of 
coated catalyst thus obtained. Next one stops the stirring system, one decants the coated catalyst obtained 
and one carries out 3 washings of the coated catalyst by withdrawal of the supernatant liquid and topping up 
with 2000 ml of n-heptane. Then one adds to the coated catalyst suspension 1 mole of triethylaluminium and 

50 one dries the catalyst system thus obtained under a stream of nitrogen. 

The catalyst system contains 1 .66 milligramme atom of titanium per gramme of catalyst system; it also con- 
tains 0.01 millimole of aluminium trichloride, less than 0.001 millimole of diisoamylether, 2 millimoles of 
triethylaluminium and 0.6 g of polypropylene per milligramme atom of titanium. Determined by X-ray diffraction, 
the structure of the titanium trichloride corresponds to the extent of 90% to the delta structure and to the extent 

55 of 10% to the beta structure. The catalyst system occurs in the form of particles which are more or less spherical, 
having a mean diameter by mass of 25 urn and a particle size distribution which is very narrow, such that less 
than 0.05% by weight of the particles have a diameter of less than 3 \im. The specific surface area of the catalyst 
is less than 2 rr^/g (BET) and its porosity as determined by nitrogen adsorption is approximately 0.04 cm 3 /g. 
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b) Copolymerisation of ethylene and propylene in a flu id is ed bed 

A fluid ised bed reactor in stainless steel having a diameter of 45 cm is provided at its base with a fluidlsation 
grill and operates with a rising gas stream, propelled at an upward velocity of 35 cm/sec and consisting of 
ethylene, propylene and nitrogen, under the following partial pressures (pp): 
pp ethylene = 0.064 MPa 
pp propylene = 0.096 MPa 
and pp nitrogen = 1.300 MPa 

One introduces into this reactor, as charge powder, 100 kg of an inert anhydrous powder of a copolymer 
of ethylene and propylene, having a composition dose to that of the copolymer to be produced and resulting ' 
from a previous operation. One introduces next into the reactor in a sequenced manner, at the rate of once 
every 6 minutes, 10 g of the catalyst prepared previously, the temperature of the reactor being maintained at 
+5°C. One also introduces into the fluidised bed contained in the reactor, by means of a metering pump, 500 
ml per hour of a molar solution of triethylaluminium in n-hexane. 

After a period of stabilisation of the copolymerisation conditions, one collects by a sequenced withdrawal 
about 1 0 kg/hr of copolymer powder whilst maintaining the weight of the fluidised bed constant After 12 hours 
of production under these conditions, one obtains a copolymer powder consisting of particles of spheroidal 
shape having the following characteristics: 

- titanium content: 480 ppm; 

- mean diameter by mass of the particles: 400 am; 

- molar content of units derived from ethylene: 51%; 

- molar content of units derived from propylene: 49%; 

- intrinsic viscosity (at 135°C in decalin): 12 dl/g; 

- fusion enthalpy (DSC): less than 3 J/g; 

- crystallinity of the polypropylene type (determined by X-ray diffraction): 0%; 

- crystallinity of polyethylene type (determined by X-ray diffraction): less than 1.0%; 

- percentage of isolated units derived from ethylene by comparison with the total of units derived from 
ethylene (determined by C 13 NMR): 22%; 

- percentage of units derived from ethylene, arranged in sequences of at least three consecutive units (C 13 
NMR):11% 

- density : 0.857; 

- bulk density: 0.28 g/cm 3 . 

- Dm/Dn ratio of the particles : 2.5. 

Example 2 

Copolymerisation of ethylene, propylene and 4-methyM-pentene In a fluidised bed 

One operates exactly as in Example 1.b, except for the fact that one also introduces into the reactor 120 
g/hr of 4-methyM-pentene. A copolymer powder is obtained consisting of particles of spheroidal shape having 
the following characteristics: 

- titanium content: 450 ppm; 

- mean diameter by mass of the particles: 410 urn; 

- molar content of units derived from ethylene: 51%; 

- molar content of units derived from propylene: 48%; 

- molar content of units derived from 4-methyl-1-pentene: 1%; 

- intrinsic viscosity (at 135°C in decalin): 11 di/g; 

- fusion enthalpy (DSC): less than 3 J/g; 

- crystallinity of polypropylene type (X-ray diffraction): 0%; 

- crystallinity of polyethylene type (X-ray diffraction): less than 1 .0%; 

- density : 0.853; 

- bulk density: 0.27 g/cm 3 . 

- Dm/Dn ratio of the particles : 2.6. 



1. Amorphous copolymers of ethylene and of one or more aipha-olefins comprising 3 to 12 carbon atoms, 
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which copolymers are characterised in that they have a content of units derived from ethylene comprised be-, 
tween 40 and 60%molar, a content of units derived from propylene and/or 1-butene comprised between 60 and 
40 % molar and a content of units derived from alpha-olefins comprising 5 to 12 carbon atoms comprised be- 
tween 0 and 10% molar, an intrinsic viscosity measured at 135°C in decalin greater than 10 dl/g, a crystallinity 
5 level of the polyethylene type measured by X-ray diffraction of less than or equal to 1.0%, a fusion enthalpy, 
measured by differential scanning calorimetry of less than or equal to 3 J/g, and substantially no inversion in 
the chain formation of units derived from alpha-olefins containing 3 to 12 carbon atoms, these copolymers 
occurring in the form of a powder consisting of solid, non-sticky particles. 

2. Copolymers according to Claim 1 , characterised in that they have a content of units derived from alpha- 
10 olefins comprising 5 to 12 carbon atoms comprised between 0.1 and 5% molar. 

3. Copolymers according to Claim 1, characterised in that they have an intrinsic viscosity, measured at 
135°C in decalin, equal to or greater to 11 dl/g. 

4. Copolymers according to Claim 1, characterised in that they do not have a measureable crystallinity of 
the polypropylene or polybutene type. 

15 5. Copolymers according to Claim 1 , characterised in that they occur in the form of a powder consisting of 
solid particles of spheroidal shape having a mean diameter by mass comprised between 100 and 1000 \im, a 
bulk density comprised between 0.20 and 0.40 g/cm 3 and a density (ASTM-D-1505) comprised between 0.850 
and 0.870. 

6. Process for the production of copolymers according to Claim 1, characterised in that it is performed by 
20 gas phase copolymerisation of ethylene with propylene and/or 1-butene, and optionally one or more alpha-ole- 
fins comprising 5 to 12 carbon atoms, in the absence of substantial quantities of a chain transfer agent and in 
the presence of a catalyst system of the Ziegler-Natta type possessing a high stereospecificity in the polymeri- 
sation of propylene, this catalyst system comprising on the one hand a catalyst consisting of a titanium com- 
pound and on the other hand a co-catalyst consisting of an organo-metallic compound of a metal of Group II 

25 or III of the Periodic Table of Elements, the copolymerisation being effected at a temperature equal to orgreater 
than -30°C and less than +40°C, under a total pressure comprised between 0.5 MPa and 4 MPa. 

7. Process according to Claim 6, characterised in that the catalyst is a compound based on titanium 
trichloride and complying with the formula 

TiCI 3 ,xAICI 3l yR'OR" 

30 in which R' and R" are alkyl groups which may be identical or different comprising from 1 to 12 carbon atoms, 
x is a fraction comprised between 0.005 and 0, 1 and y is a fraction comprised between 0.05 and 0.2, the titanium 
trichloride occurring essentially with a delta structure. 

8. Process according to Claim 6, characterised in that the catalyst prior to its use in the copolymerisation, 
is placed in contact with one or more alpha-olefins, in a quantity such that the catalyst obtained contains from 

35 0.05 to 100 g of poly-alpha-olefin per milligramme atom of titanium. 

9. Application of the copolymers according to Claim 1 as drag-reducing agents in the conveyance of oil by 
pipeline, or as additives to drilling muds. 



40 Patentanspruche 

1. Amorphe Copolymere von Ethylen und einem Oder mehreren Alphaolefinen umfassend 3 bis 12 Koh- 
lenstoffatome, wobei die Copolymere dadurch gekennzeichnetsind, da&sie einen Gehaltan Einheiten haben, 
die von Ethylen abstammen, umfassend zwischen 40 und 60 %-molar, einen Gehalt an Einheiten, die von Pro- 

45 pyien und/oder 1-Buten abstammen, umfassend zwischen 60 und 40 %-molar und einen Gehalt an Einheiten, 
die von Alpha-olefinen umfassend 5 bis 12 Kohlenstoffatome abstammen, umfassend zwischen 0 und 10 %- 
molar, eine GrenzviskositSt, gemessen bei 135° C in Dekalin gro&er als 10 dl/g, einen KristallinitStsgrad des 
Polyethylen-Typs gemessen durch RSntgenstrahlendiffraktion von weniger als oder gleich 1 ,0 %, eine Fusion- 
senthalpie gemessen mit Differentialscanning-Kalorimetrie von weniger als oder gleich 3 J/g, und im wesent- 

so lichen keine Inversion der Kettenbildung von Einheiten, die von Alphaolefinen enthaltend 3 bis 12 
Kohlenstoffatome, abstammen, wobei diese Copolymere in der Form eines Pulvers bestehend aus festen, 
nicht-klebrigen Partikeln auftreten. 

2. Copolymere nach Anspruch 1, dadurch gekennzeichnet, da& sie einen Gehalt von Einheiten haben, die 
von Alphaolefinen abstammen, umfassend 5 bis 12 Kohlenstoffatome umfassend zwischen 0,1 und 5 %-molar. 

55 3. Copolymere nach Anspruch 1 , dadurch gekennzeichnet, daft sie eine GrenzviskositSt haben, gemessen 
bei 135° C in Dekalin, gleich oder grfi&er 1 1 dl/g. 

4. Copolymere nach Anspruch 1, dadurch gekennzeichnet, da& sie keine meSbare Kristailinitit des Poly- 
propyien- oder Polybuten-Typs haben. 
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5. Copolymere nach Anspruch 1, dadurch gekennzeichnet, daB sie in der Form eines Pulvers auftreten, 
bestehend aus festen Partikeln kugelahnlicher Form mit einem mittleren Massendurchmesser umfassend zwi- 
schen 100 und 1000 urn, einer Schuttdichte umfassend zwischen 0,20 und 0,40 g/cm 3 und einer Dichte (ASTM- 
D-1505) umfassend zwischen 0,850 und 0,870. 

5 6. Verfahren zur Herstellung von Copolymeren nach Anspruch 1, dadurch gekennzeichnet, daB es durch 
Gasphasen-Copolymerisation von Ethylen mit Propylen und/oder 1-Buten und wahlweise einem oder mehreren 
Alphaolefinen umfassend 5 bis 12 Kohlenstoffatome, durchgefuhrt wird in Abwesenheit von wesentlichen Men- 
gen eines Kettentransfermittels und in Anwesenheit eines KatalysatorsystemsvomZiegler-NattaTyp, das hohe 
Stereospezifitat in der Polymerisation von Propylen besitzt, wobei dieses Katalysatorsystem einerseits einen 

10 Katalysator bestehend aus einer Titanverbindung und andererseits einen Co-Katalysator bestehend aus einer 
metallorganischen Verbindung eines Metalles der Gruppe II oder III des Period ensystems der Elemente 
umfaBt, wobei die Copolymerisation durchgefuhrt wird bei einer Temperatur gleich oder groBer als -30°C und 
weniger als +40° C und einem Gesamtdruck umfassend zwischen 0,5 MPa und 4 MPa. 

7. Verfahren nach Anspruch 6, dadurch gekennzeichnet, daB der Katalysator eine Verbindung baslerend 

15 auf Titan-trichlorid und entsprechend der Formel 

TiCI 3 ,xAlCI 3 ,yR'OR" 

1st, In der R' und R" Alkylgruppen sind, die identisch oder unterschiedlich sein kdnnen, umfassend von 1 bis 
12 Kohlenstoffatome, x eine Fraktion ist umfassend zwischen 0,005 und 0,1 und y eine Fraktion 1st umfassend 
zwischen 0,05 und 0,2, wobei das Titan-trichlorid im wesentlichen mit einer Deltastruktur vorkommt. 
20 8. Verfahren nach Anspruch 6, dadurch gekennzeichnet, daB der Katalysator vor seinem Gebrauch bei 
der Copolymerisation in Kontakt mit einem oder mehreren Alphaolefinen in einer solchen Menge gebracht wird, 
daB der erhaitene Katalysator von 0,05 bis 100 g Polyalphaolefine je Milligramm Titanatom enthllL 

9. Verwendung des Copolymers nach Anspruch 1 als widerstandsreduzierendes Mittel beim Transport von 
6l in Pipelines, oder als Zusatz zu Bohrschlammen. 

25 

Revendications 

1. Copolymtres amorphes d'tthyltne et d'une ou plusieurs alpha-oltfines contenant de 3 & 12 atomes de 
30 carbone, copolymtres qui se caracttrisent par le fait qu'ils ont une proportion molaire d'unitts dtrivtes de 

I'tthyltne comprise entre 40 et 60%, une proportion molaire d'unitts dtrivtes du propylene et/ou du 1-buttne 
comprise entre 60 et 40% et une proportion molaire d'unitts dtrivtes d'alpha-oltflnes contenant de 5 d 12 ato- 
mes de carbone comprise entre 0 et 1 0%, une viscosity Intrinstque, mesurte S 135°C dans le dtcahydronaph- 
taltne, suptrieure di10 dl/g,un taux de cristallinitt de type polytthyltne mesurt par diffraction aux rayons X 
35 inftrieur ou tgal a 1 ,0%, une enthalpie de fusion, mesurte par analyse calorimttrique difftrentielle k balayage 
inftrieure ou tgale d 3 J/g, et sensiblement pas d'invertion dans la formation de la chatne des unites dtrivtes 
d'alpha-oltfines contenant de 3 d 1 2 atomes de carbone, ces polymtres se pr6sentant sous forme d'une poudre 
constitute de particules solides, non collantes. 

2. Copolymtres selon la revendication 1, caracttrists par le fait qu'ils ont une proportion molaire d'unitts 
40 dtrivtes d'alpha-oltfines contenant de 5 d 12 atomes de carbone comprise entre 0,1 et 5%. 

3. Copolymtres selon la revendication 1 , caracttrists par le fait qu'ils ont une viscositt intrinstque, mesu- 
rte & 135°C dans le dtcahydronaphtaltne, tgal ou suptrieur & 1 1 dl/g. 

4. Copolymtres selon la revendication 1, caracttrists par le fait qu'ils ne prtsentent pas de cristallinitt 
mesurable du type polypropylene ou polybuttne. 

45 5. Copolymt res selon la revendication 1 , caracttrists par le fait qu'ils se prtsentent sous forme d'une pou- 
dre constitute de particules solides sphtroTdales d'un diamttre pondtrt en masse compris entre 100 et 1000 
um, une densitt en vrac comprise entre 0,20 et 0,40 g/cm 3 , et une density (ASTM-D-1 505) comprise entre 0,850 
et et 0,870. 

6. Proctdt de production de copolymtres conformes d la revendication 1, caracttrist par le fait qu'il 
50 consiste en une copolymtrisation, en phase gazeuse, d'tthyltne avec du propylene et/ou du 1-buttne et, 6ven- 

tuellement, de une ou plusieurs alpha-oltfines contenant de 5 & 12 atomes de carbone, en I'absence de quarv 
titts substantielles d'un agent de transfert de la chatne et en prtsence d'un systtme catalytique du type 
Ziegier-Natta prtsentant une haute sttrtosptcificitt dans la polymerisation du propylene, ce systfeme cataly- 
tique comprenant d'une part un catalyseur constitut d'un compost du titane et d'autre part un co-catalyseur 
55 constitut d'un compost organomttallique d'un mttal du groupe II ou III du Tableau Ptriodique des Eltments, 
la copolymtrisation s'effectuant & une temptrature tgale ou suptrieure d 30°C et inftrieure d +40°C, sous une 
pression totale comprise entre 0,5 MPa et 4 MPa. 

7. Proctdt selon la revendication 6, caracttrist par le fait que le catalyseur est un compost & base de 
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trichlorure da titane repondant & la formule: : \ 

TfCI 3 , x AICI 3f y R'OR" f' y* s£\ 

dans laquelie R' et R" sont des groupes alcoyles qui peuvent etre identiques ou dtfferents, contenant de 1 £ 
12 atomes de carbone, x est una fraction comprise entre 0,005 et 0,1 et y est une fraction comprise entre 0,05 H 
5 et 0,2, ie trichlorure de titane se presentant essentiellement avec une structure delta. %, k 

8. Precede selon la revendication 6, caracterise par le fait qu'avant son emploi dans la copolymerisation, 
on met le catalyseur en contact avec une ou plusieurs alpha-olefines, en quantit6 telle que le catalyseur bbtenu- 
contient de 0,05 k 100 g de poly-alpha-olefine par atome-milligramme de titane. 

9. Application des copolymeres conformes & la revendication 1 comme agents de reduction de la trainee 
10 dans le transport du petrole par oleoduc, ou comme additifs aux boues de forage. 
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